Background: This study aimed to investigate the effectiveness of monotherapy
Introduction
The prevalence of atrial fibrillation (AF) is increasing in United States, European and Asian countries [1] [2] [3] . The incidence of AF was about 1.5 per 1000 person-years in Taiwan [4] . In recent years, although many novel oral anti-coagulants (NOACs)
were proposed and have been demonstrated significantly effective in stroke prevention, especially in high stroke-risk AF patients, for example, rivaroxaban [5] , dabigatran [6] and apixaban [7] , but the NOACs were relatively more expensive compared to the two widely-used drugs: warfarin or aspirin. Consequently, warfarin or aspirin were considered to be prescribed for low-stroke-risk AF patients [8] .
Although most published studies aimed mainly to investigate the effectiveness of aspirin or warfarin in preventing stroke events for moderate and high-stroke-risk AF patients [9] , there remain relatively few studies investigating the effectiveness of preventing stroke events for low-stroke-risk AF patients. One large scale study conducted in the United States found that, among AF patients with high-stroke-risk (CHADS2 score ≥ 2), 38.2% were treated with aspirin alone, 61.8% were treated with warfarin or non-vitamin K antagonist oral anticoagulation (OACs) [9] , which indicated that prescribing aspirin or warfarin is still very common for high-stroke-risk AF patients. However, prescribing warfarin or aspirin to low-stroke-risk AF patients for prevention of stroke is still debatable among clinicians and cardiovascular physicians [10] [11] [12] , especially for those with metabolic syndromes (including hypertension, diabetes mellitus [DM] and hyperlipidemia) [13] . However, prescribing aspirin or warfarin, or combining uses of both drugs to AF patients may be of concern for increasing the risk of unexpected bleeding [14] [15] [16] , although the incidences of ischemic stroke (IS) is obviously lower for low-risk AF patients. Therefore, investigating the effectiveness of preventing IS of monotherapy of aspirin or warfarin in low-stroke-risk AF patients by using a large population-based database is needed [17] . Based on the above mentioned reasons, this study aimed to investigate the effectiveness in preventing IS of monotherapy of aspirin or warfarin in low-risk AF patients by using a population-based database, the National Health Insurance Research Database (NHIRD), in Taiwan.
Methods

Study database
This study used claims data from Taiwan's National Health Insurance (NHI) program, which was launched by the Taiwan government in March, 1995 and provided comprehensive health care for 99.5% of its residents in 2010 [18] . The NHIRD contains nationwide information including outpatient, inpatient, dentistry services, prescription drugs, and traditional Chinese medicine services. The diagnostic and procedure codes are based on the International Classification of Diseases, Ninth revision, Clinical Modification (ICD-9-CM) and Procedure Coding System (ICD-9-PCS).
Ethics statement
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Study population
An incidence-based patient cohort of newly diagnosed AF patients (ICD-9-CM code 427.31) who had at least two outpatient visits with primary disease of AF and whose CHA2DS2-VASc scores were < 2 (= 0 or 1) without a history of stroke events (including IS, hemorrhagic stroke [HS] , and transient ischemic attack [TIA] ) were identified and retrieved from NHIRD in 2008. This study cohort was followed up for up to 2 years (2010) to observe if they had an IS onset which was also defined by using ICD-9-CM code 430-438 [19] . In order to identify real low-risk AF patients, AF patients with severe baseline diseases were also excluded: cancers, coronary artery abnormal renal and liver function as well as peripheral artery disease (PAD). Apart from that, based on one recently published study [11] which showed that combining the use of aspirin and warfarin may result in unexpected vascular diseases and some cardiovascular disorders, therefore, patients who used concomitant drugs of both aspirin and warfarin were also excluded. The enrollment scheme of study patients is shown in Figure 1 .
Covariate assessment
The covariate variables including sex, age, baseline hypertension status, DM status and hyperlipidemia status were also taken into account. Additionally, to identify the low-stroke-risk AF patients, CHA2DS2-VASc score was adopted and was defined as: congestive HF, hypertension, age (> 65 = 1 point, > 75 = 2 points), diabetes, previous stroke or TIA (2 points), vascular disease (including PAD, previous MI, aortic atheroma), and sex (female gender). In this study, the study cohort were all with CHA2DS2-VASc score < 2 (0 or 1), which was considered suitable for defining "low-risk" for East Asian AF patients [20, 21] . Besides, the HAS-BLED [22] score was also calculated based on ICD-9-CM code. The HAS-BLED scoring system mainly calculates the risk of major bleeding, which was defined as intracranial bleeding, bleeding requiring hospitalization, a hemoglobin decrease of more than 2 g/dL, or the need for transfusion secondary to bleeding.
Statistical analysis
The longitudinal data were analyzed by using generalized estimation equations (GEE). GEE is a comprehensive extension of generalized linear models (GLZM) in that they allow for adjusting correlation structure between observations for each subject. The strength of GEE is that they do not require precise specification of multivariate distribution but only of the structure of means or logits for each repeated measurement [23] . In this study, the GEE for longitudinal binary outcome was used (with/without IS) [24] . The modeling was as below:
Define the marginal mean and variances of as = ( |Χ ) and Var( ) =
(1 − ). Then the marginal logit link function was used:
where β is the GEE coefficient vector to be estimated. The GEE estimator ̂ of β is obtained through estimating the following GEE model: 
Where ρ was estimated from the data. The odds ratio (OR) of IS of AF patients with and without taking aspirin and warfarin were calculated. The results were expressed using ORs with 95% confidence intervals (CIs). My Structured Query Language Among the study cohort, 7.4% took aspirin and 4.6% took warfarin in 2008 ( Table 1 ).
The distribution of HAS-BLED score was: 89.1% were with 0, 9.5% with 1, and 1.4% with 2. Regarding major bleeding events, according to the database used in this study, there were no major bleeding events found in this study database ( Table 1 ). The incidences of subsequent IS of this study cohort were 2.1% in 2009 and 2.4% in 2010.
The results of the GEE model showed that low-risk AF patients who were with hypertension and received warfarin were associated with a statistically significant 58.4% reduction of IS risk (OR = 0.416, p = 0.024, 95% CI 0.194-0.891).
Additionally, low-risk AF patients with hyperlipidemia and received warfarin were associated with a statistically significant 69.3% reduction in IS risk (OR = 0.307, p = 0.044, 95% CI 0.097-0.969) ( Table 2) .
Discussion
This study used the Taiwan NHIRD, which is a large-scale population-based database to investigate the effectiveness of preventing IS with a monotherapy of aspirin or warfarin among low-stroke-risk AF patients. The results of this study showed that warfarin can help in preventing IS for low-risk AF patients with hypertension and hyperlipidemia. This study agreed with related published studies which defined low-risk solely used CHA2DS2-VASc score [25, 26] . Regarding rates of receiving aspirin or warfarin, one published study, also using Taiwan NHIRD between 2001 to 2008 showed that the rates of general AF patients (including low-, medium-and high-risk), who received warfarin, aspirin, or no treatment in Taiwan was 16%, 62%, and 22% [27] . In comparison with the results of the present study, for low-risk AF patients, 7.4% had a monotherapy of aspirin and 4.6% had a monotherapy of warfarin, which were lower than the previously mentioned study [27] .
In addition, one published result of a large scale study conducted in the United States [9] in a high-risk group showed that 38.2% of AF patients receiving aspirin, and 61.8% receiving warfarin or non-vitamin K antagonist oral anti-coagulants (OACs).
Regarding the use of aspirin for low-risk AF patients, the results of this study did not show a statistically significant effectiveness, which agreed with published studies demonstrating that aspirin had limited or non-significant effectiveness for preventing IS in recent years [28, 29] . A randomized clinical trial conducted in Japan showed that low-dose aspirin cannot provide significant effectiveness for stroke prevention among low-risk AF patients [29] . In 2016, the Taiwan Heart Rhythm Society and the Taiwan Society of Cardiology issued Guidelines for the management of AF in Taiwan, which stated that aspirin did not benefit in stroke prevention in patients with nonvalvular AF, dual antiplatelet therapy (DAPT) of aspirin and clopidogrel did not benefit in the prevention of stroke in patients with nonvalvular AF, unless under other therapeutic indications, such as in patients with acute coronary syndrome (ACS) and receiving stenting therapy [30] . The results of the present study may support the management guideline. Additionally, one expert opinion proposed that aspirin may be over-prescribed among AF patients [31] , probably due to the low price of aspirin compared with warfarin [32] . Therefore, although aspirin was widely prescribed, the results of this study showed that aspirin did not benefit in preventing IS for low-risk AF patients.
In addition, it is worth noting that low-risk newly diagnosed AF patients still may have a risk of IS onset in the following 2 years (2.1~2.4% as shown in the present study), which was similar with one large scale study conducted in European countries which showed that IS incidence rates were 2.1, 3.0, and 4.2% for paroxysmal, persistent, and permanent AF, respectively [33] . In summary, results of this study can provide some clinical implications: first, intensive monitoring of stroke events (including HS, IS and TIA), which is strongly suggested and some associated symptoms, for example, FAST [34] : face drooping, arm weakness, speech difficulty and time to call emergency help (ex. 911) and low-risk AF patients should be carefully reminded of this.. Second, warfarin can help in preventing ischemic stroke for low-risk AF patients with hypertension and hyperlipidemia.
This study had some limitations. First, the NHIRD did not provide information of potential confounders including smoking, alcohol drinking, life style, diet and other factors, which are associated with the risk of IS. Second, AF patients can buy over-the-counter (OTC) aspirin in drug stores, which were not recorded in NHIRD, so that some AF patients may use warfarin concurrently with aspirin, which will result in an underestimate for the number of patients using aspirin. One published study
proposed that combining the use of aspirin and warfarin was inappropriate [11] , it is believed that a number of AF patients may concurrently use both aspirin and warfarin, which could not be identified in NHIRD. Third, due to the nature of the study database, it was an outpatient claims database which provided only drug prescriptions without dosage information, therefore the dose effect could not be analyzed and was regarded as another study limitation.. Fourth, published studies have shown that poor adherence to anticoagulation guidelines in patients with AF [35] [36] [37] . Although we may code one AF patient with the prescription of aspirin or warfarin from the claims database, it could not be verified that the information of drug compliance of the recruited AF patients in this study was carried out. Lastly, although there were no major bleeding events found in this study database, there were probably minor bleeding events which were not recorded in NHIRD, which was also regarded as a study limitation.
Conclusions
The present study used a large scale population-based database which showed that monotherapy of warfarin was suggested in prescribing for the prevention of IS in low-stroke-risk AF patients, especially for low-risk AF patients with hypertension and hyperlipidemia. Followed up to 2 years to observe the onset of ischemic stroke (IS) till 2010, which was defined using ICD-9-CM code = 430-438 
